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PRODUCING SAME

(57) A photocurable composition capable of produc-
ing a micropattern-formed product efficiently, which is
excellent in physical properties such as heat resistance,
chemical resistance, releasability and optical character-
istics (transmittance and low refractive index), and a
process for producing a micropattern-formed product,
capable of highly precisely transferring a micropattern of
a mold to its surface are provided.

A photocurable composition which comprises from
50 to 98 mass% of a monomer containing no fluorine
atom and having a viscosity at 25°C of from 0.1 to 100

mPa-s, from 0.1 to 45 mass% of a fluoromonomer, from
more than 0.1 to 20 mass% of a fluorinated surfactant
and/or a fluoropolymer and from 1 to 10 mass% of a
photopolymerization initiator, and contains substantially
no solvent. A process for producing a micropattern-
formed product comprising a cured product having a mi-
cropattern of a mold transferred on its surface, or such
a micropattern-formed product integrated with a sub-
strate, which uses the photocurable composition, a sub-
strate and a mold having a micropattern.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a photocurable composition, micropattern-formed product and its production
process.

BACKGROUND ART

[0002] Inrecent years, attention has been drawn to a method so-called a nanoimprint method wherein a mold having
a micropattern on its surface is pressed on a substrate to form a substrate having a reversed pattern of the micropattern.
Particularly, attention has been drawn to a process for producing a micropattern-formed product integrated with a
substrate, comprising pressing and sandwiching a photocurable composition between the surface of a substrate and a
patterned surface of a mold, polymerizing a monomer in the photocurable composition by light irradiation to obtain a
micropattern-formed product comprising a cured product having the micropattern of the mold transferred on its surface,
and separating the mold from the cured product to obtain a micropattern-formed product integrated with the substrate
(Patent Documents 1 and 2).

[0003] As the photocurable composition used in the method, a photocurable composition comprising at least one
(meth)acrylate, a photopolymerization initiator and a surfactant containing a fluorinated organic silane has been known
(Patent Document 3).

Patent Document 1: JP-A-2004-504718

Patent Document 2: JP-A-2002-539604

Patent Document 3: JP-A-2004-002702

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] Patent Document 3 merely discloses that the content of a surfactant in a photocurable composition should be
sufficiently low in order to prevent phase separation of the photocurable composition, and the content is actually at most
0.1 mass%. In this case, the releasability of a cured product of the photocurable composition is insufficient, and the
cured product will not be smoothly separated from a mold. Therefore, it is considered difficult to form a highly precise
micropattern-formed product. Further, Patent Document 3 fails to disclose a means of increasing the content of the
surfactant without causing a phase separation of the photocurable composition. Accordingly, a photocurable composition
capable of efficiently producing a highly precise micropattern-formed product is desired.

MEANS TO SOLVE THE PROBLEMS

[0005] The present inventors have found that a composition comprising a specific monomer containing no fluorine
atom, a fluoromonomer, a fluorinated surfactant and/or a fluoropolymer and a photopolymerization initiator each in a
specific amount, in which these components are compatible with one another, forms a photocurable composition, and
also found that a cured product of the photocurable composition can be smoothly separated from a mold. Further, the
present inventors have found that a highly precise micropattern-formed product can be produced efficiently by employing
the photocurable composition, a substrate and a mold having a micropattern on its surface.

[0006] Namely, the gist of the present invention is as follows.

(1): A photocurable composition which comprises from 50 to 98 mass% of a monomer containing no fluorine atom
and having a viscosity at 25°C of from 0.1 to 100 mPa-s, from 0.1 to 45 mass% of a fluoromonomer, from more than
0.1 to 20 mass% of a fluorinated surfactant and/or a fluoropolymer and from 1 to 10 mass% of a photopolymerization
initiator, and contains substantially no solvent.

(2): The photocurable composition according to (1), wherein the amount of the fluoromonomer to the total amount
of the fluorinated surfactant and the fluoropolymer is from 1 to 100 times by mass.

(3): The photocurable composition according to (1) or (2), which has a viscosity at 25°C of from 0.1 to 200 mPa-s.
(4): A process for producing a micropattern-formed product, which comprises bringing the photocurable composition
as defined in any one of (1) to (3) into contact with the micropatterned surface of a mold having a micropattern
formed on the surface, photo-curing the photocurable composition in a state where it is in contact with the surface
of the mold, and separating a cured product of the photocurable composition from the mold.

(5): A process for producing a micropattern-formed product, which comprises carrying out the following steps A, B,
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C and as the case requires, step D, in this order using the photocurable composition as defined in any one of (1)
to (3), a substrate and a mold having a micropattern on its surface to obtain a micropattern-formed product having
a micropattern on its surface or such a micropattern-formed product integrated with the substrate:

step A: a step of sandwiching and pressing the photocurable composition between the surface of the substrate
and the patterned surface of the mold;

step B: a step of curing the photocurable composition by light irradiation to obtain a micropattern-formed product
comprising a cured product having the micropattern of the mold transferred on its surface;

step C: a step of separating at least one of the mold and the substrate from the cured product to obtain a
micropattern-formed product, a micropattern-formed product integrated with the substrate or a micropattern-
formed product integrated with the mold; and

step D: a step of separating the micropattern-formed product from the mold in a case where the micropattern-
formed product integrated with the mold is obtained in the step C.

(6): The process for producing a micropattern-formed product according to (4) or (5), wherein the micropattern of
the mold is a micropattern having convex portions and concavo portions, and the average interval of the convex
portions is from 1 nm to 500 pm.

(7): A process for producing a micropattern-formed product, which comprises bringing the photocurable composition
as defined in (1) or (2) into contact with the micropatterned surface of a mold having a micropattern formed on the
surface, separating the mold to produce a molded product of the photocurable composition having the micropattern
of the mold transferred on its surface, and photo-curing the molded product of the photocurable composition.

(8): A process for producing a micropattern-formed product, which comprises carrying out the following steps E, F,
G and as the case requires, step H, in this order using the photocurable composition as defined in (1) or (2), a
substrate and a mold having a micropattern on its surface to obtain a micropattern-formed product having a micro-
pattern on its surface or such a micropattern-formed product integrated with the substrate:

step E: a step of pressing the photocurable composition between the surface of the substrate and the patterned
surface of the mold;

step F: a step of separating the mold from the photocurable composition to obtain a molded product of the
photocurable composition having the micropattern of the mold transferred on its surface, integrated with the
substrate;

step G: a step of curing the molded product of the photocurable composition by light irradiation to obtain a
micropattern-formed product comprising a cured product having the micropattern of the mold transferred on its
surface, integrated with the substrate; and

step H: a step of separating the micropattern-formed product from the substrate.

(9): The process for producing a micropattern-formed product according to (8), wherein the micropattern of the mold
is a micropattern having convex portions and concavo portions, and the average interval of the convex portions is
from 1 nm to 500 pm.

(10): A micropattern-formed product, which is a micropattern-formed product comprising a cured product obtained
by curing the photocurable composition as defined in any one of (1) to (3) and having a micropattern of convex
portions and concavo portions, wherein the average interval of the convex portions is from 1 nm to 500 pm.

EFFECTS OF THE INVENTION

[0007] Since the photocurable composition of the present invention contains a fluoromonomer having a high compat-
ibility with a specific monomer containing no fluorine atom, a fluorinated surfactant and a fluoropolymer, even if the
content of the fluorinated surfactant and/or the fluoropolymer is high, no phase separation will take place. Further, the
photocurable composition of the present invention and a cured product of the photocurable composition have a high
fluorine content and are excellent in releasability.

[0008] Therefore, by employing the photocurable composition of the present invention, a micropattern-formed product
comprising a cured product of the photocurable composition having a micropattern of a mold highly precisely transferred
on its surface can be produced efficiently. Accordingly, a highly precise nanoimprint process can be realized by the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0009] In this specification, unless otherwise specified, viscosity means viscosity measured at 25°C.
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[0010] The photocurable composition of the present invention contains from 50 to 98 mass%, preferably from 55 to
90 mass%, particularly preferably from 60 to 85 mass%, of a monomer containing no fluorine atom and having a viscosity
of from 0.1 to 100 mPa-s (hereinafter simply referred to as base monomer). Since the photocurable composition of the
presentinvention contains at least 50 mass% of the base monomer, its viscosity can be readily adjusted to a low viscosity.
The photocurable composition of the present invention preferably has a viscosity of from 1 to 200 mPa-s, particularly
preferably from 1 to 100 mPa:s.

[0011] The base monomer in the present invention is not particularly limited as far as it is a monomer having a
polymerizable group, and a monomer having an acryloyl group or a methacryloyl group, a monomer having a vinyl group,
a monomer having an allyl group or a monomer having an oxiranyl group is preferred, and a monomer having an acryloyl
group or a methacryloyl group is more preferred. The number of polymerizable groups in the base monomer is preferably
from 1 to 4, more preferably 1 or 2, particularly preferably 1.

[0012] As the monomer having a polymerizable group, (meth)acrylic acid, a (meth)acrylate, (meth)acrylamide, a vinyl
ether, a vinyl ester, an allyl ether, an allyl ester or a styrene compound is preferred, and a (meth)acrylate is particularly
preferred. In this specification, acrylic acid and methacrylic acid are referred to as (meth)acrylic acid, an acrylate and a
methacrylate are referred to as (meth)acrylate, and acrylamide and methacrylamide are referred to as (meth)acrylamide.
[0013] As a specific example of the (meth)acrylate, the following compounds are mentioned.

[0014] A mono(meth)acrylate such as phenoxyethyl (meth)acrylate, benzyl (meth)acrylate, stearyl (meth)acrylate,
lauryl (meth)acrylate, 2-ethylhexyl (meth)acrylate, ethoxyethyl (meth)acrylate, methoxyethyl (meth)acrylate, glycidyl
(meth)acrylate, tetrahydrofurfuryl (meth)acrylate, allyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, N,N-diethylaminoethyl (meth)acrylate, N,N-dimethylaminoethyl (meth)acrylate, dimethylaminoethyl
(meth)acrylate, methyladamantyl (meth)acrylate, ethyladamantyl (meth)acrylate, hydroxyadamantyl (meth)acrylate, ad-
amantyl (meth)acrylate or isobornyl (meth)acrylate is mentioned.

[0015] And, a di(meth)acrylate such as 1,3-butanediol di(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,6-hexan-
ediol di(meth)acrylate, diethylene glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, tetraethylene glycol di
(meth)acrylate, neopentyl glycol dilmeth)acrylate, polyoxyethylene glycol dilmeth)acrylate or tripropylene glycol di(meth)
acrylate is mentioned.

[0016] Further, a triimeth)acrylate such as trimethylolpropane tri(meth)acrylate or pentaerythritol triimeth)acrylate is
mentioned.

[0017] Furthermore, a (meth)acrylate having at least 4 polymerizable groups such as dipentaerythritol hexa(meth)
acrylate is mentioned.

[0018] As a specific example of the vinyl ether, an alkyl vinyl ether such as ethyl vinyl ether, propyl vinyl ether, isobutyl
vinyl ether, 2-ethylhexyl vinyl ether or cyclohexyl vinyl ether or a (hydroxyalkyl) vinyl such as 4-hydroxylbutyl vinyl ether
is mentioned.

[0019] As a specific example of the vinyl ester, a vinyl ester such as vinyl acetate, vinyl propionate, vinyl (iso)butyrate,
vinyl valerate, vinyl cyclohexanecarboxylate or vinyl benzoate is mentioned.

[0020] As a specific example of the allyl ether, an alkyl allyl ether such as ethyl allyl ether, propyl allyl ether, (iso)butyl
allyl ether or cyclohexyl allyl ether is mentioned.

[0021] As the monomer having an oxiranyl group, a monomer having an epoxy group, a monomer having an oxetane
group or a monomer having an oxazoline group is mentioned.

[0022] A monomer having an adamantyl group is particularly preferred in view of its good compatibility with a fluor-
omonomer or a fluorinated surfactant. Further, triethylene glycol di(meth)acrylate, tetraethylene glycol di(meth)acrylate
or neopentyl glycol di(meth)acrylate is particularly preferred in view of its good curing property.

[0023] Further, as the base monomer, one type of a base monomer may be used, or at least two types of base
monomers may be used.

[0024] The molecular weight of the base monomer is preferably at least 100 and at most 500, more preferably at least
200 and at most 400.

[0025] The photocurable composition of the present invention contains from 0.1 to 45 mass% of a fluoromonomer
(preferably a fluoromonomer having a viscosity at 25°C of from 1 to 100 mPa-s), preferably from 10 to 40 mass%. Since
the photocurable composition of the present invention contains a fluoromonomer having a high compatibility with a base
monomer, afluorinated surfactant and a fluoropolymer, it hardly undergoes a phase separation. Further, the photocurable
composition can readily be formed into a cured product without undergoing a phase separation.

[0026] The fluoromonomer of the present invention is not particularly limited as far as it is a fluoromonomer having a
polymerizable group, and a fluoromonomer having an acryloyl group or a methacryloyl group, a fluoromonomer having
a vinyl group, a fluoromonomer having a fluorovinyl group, a fluoromonomer having an allyl group or a fluoromonomer
having an oxiranyl group is preferred. The number of polymerizable groups in the fluoromonomer is preferably from 1
to 4, more preferably 1 or 2, particularly preferably 1.

[0027] The fluorine contentin the fluoromonomer of the presentinvention is preferably from 40 to 70 mass%, particularly
preferably from 45 to 65 mass%. The fluorine content means a ratio of the mass of fluorine atoms to the total mass of
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all atoms constituting the fluoromonomer.

[0028] By setting the fluorine content of the fluoromonomer to be at least 40 mass%, the releasability of a cured
product will be excellent. Further, by setting the fluorine content of the fluoromonomer to be at most 70 mass%, com-
patibility with a photopolymerization initiator will be improved, whereby a photocurable composition can be adjusted
uniformly.

[0029] The molecular weight of the fluoromonomer is preferably at least 200 and at most 5,000, more preferably at
least 250 and at most 1,000.

[0030] As the fluoromonomer, one type of a fluoromonomer may be used, or at least two types of fluoromonomers
may be used.

[0031] As the fluoromonomer, a monomer represented by the following (1) or (2) is preferred.

(1) a compound represented by the formula CF,=CR'-Q-CR2=CH,, (wherein each of R! and R? which are inde-
pendent of each other, is a hydrogen atom, a fluorine atom, a C,_3 alkyl group or a C,_3 fluoroalkyl group, Q is an
oxygen atom, a group represented by the formula -NR3- (wherein R3 is a hydrogen atom, a C_g alkyl group, an
alkylcarbonyl group or a tosyl group) or a bivalent organic group which may have a functional group, and the same
applies hereinafter).

(2) acompound represented by the formula (CH,=CXCOO),RF (wherein nis an integer of from 1 to 4, X is a hydrogen
atom, a fluorine atom, a methyl group or a trifluoromethyl group, and RF is a C,_sq n-valent fluorinated organic group).

[0032] In a case where Q in the compound represented by the formula CF,=CR-Q-CR2=CH, is a bivalent organic
group, preferred is such a group that the main chainis a group selected from a group consisting of methylene, dimethylene,
trimethylene, tetramethylene, oxymethylene, oxydimethylene, oxytrimethylene and dioxymethylene, and a hydrogen
atom in the main chain is substituted by a fluorine atom, a hydroxyl group, a C4_g alkyl group, a C4_g hydroxyalkyl group,
a C,_g alkyl group having an etheric oxygen atom inserted between carbon atom-carbon atom and a C,_g hydroxyalkyl
group having an etheric oxygen atom inserted between carbon atom-carbon atom, and at least one hydrogen atom
forming a carbon atom-hydrogen atom bond in the group is substituted by a fluorine atom. Among them, -CF,C(CF3)
(OH)CH,-, -CF,C(CF3)(OH)-, -CF,C(CF3;) (OCH,OCH3)CH,-, CH,CH(CH,C(CF3),OH)CH,- or -CH,CH(CH,C
(CF3),0H) - is particularly preferred. Note, however, that the direction of the group means that the left side bonds to
CF,=CR!-.

[0033] As a specific example of the compound represented by the formula CF,=CR'-Q-CR2=CH,), the following com-
pounds are mentioned.

CF,=CFCH,CH(C(CF3),0H)CH,CH=CH,,

CF,=CFCH,CH(C(CF3),0H)CH=CH,,

CF,=CFCH,CH(C(CF3),0H)CH,CH,CH=CHj,,
CF,=CFCH,CH(CH,C(CF3),OH)CH,CH,CH=CH,,
CF,=CFCH,C(CH3)(CH,SO,F)CH,CH=CH,,
CF,=CFCF,C(CF3)(OCH,OCH3)CH,CH=CH,,

CF,=CFCF,C(CF3)(OH)CH=CH,,

CF,=CFCF,C(CF3)(OH)CH,CH=CH,,
CF,=CFCF,C(CF3)(OCH,OCH,CF3)CH,CH=CH,,
CF,=CFCF,C(CF3)(OCH,0CH3)CH,CH=CH,,
CF,=CFOCF,CF(O(CF,)30C,H5)CH,CH=CH,,
CF,=CFOCF,CF(OCF,CF,CH,;NH,)CH,CH=CH,,
CF,=CFOCF,CF(O(CF,)3CN)CH=CH,,

CF,=CFOCF,CF(OCF,CF,SO,F)CH,CH=CHj,,
CF,=CFOCF,CF(O(CF,)3PO(0OC,H5),)CH,CH=CH,,
CF,=CFOCF,CF(OCF,CF,SO,F)CH,CH=CH,

n in the compound represented by the formula (CH,=CXCOO),RF is preferably 1 or 2. X is preferably a hydrogen
atom or a methyl group. The carbon number of RF is particularly preferably from 4 to 24.

[0034] In a case where nis 1, RF is a monovalent fluorinated organic group. As the monovalent fluorinated organic
group, a monovalent fluorinated organic group having a polyfluoroalkyl group which may have an etheric oxygen atom
inserted between carbon atom-carbon atom, is preferred. As such a monovalent fluorinated organic group, a group
represented by the formula -(CH,)¢RF1, -SO,NR#(CH,);RF! or -(C=0)NR#(CH,)¢RF (wherein f1 is an integer of from
1 to 3, RF'is a C,_4¢ polyfluoroalkyl group which may have an etheric oxygen atom inserted between carbon atom-
carbon atom, and R is a hydrogen atom, a methyl group or an ethyl group) is particularly preferred. As the polyfluoroalkyl
group (RF"), a perfluoroalkyl group is preferred, and a straight-chain perfluoroalkyl group is particularly preferred.
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[0035] In a case where n is 2, RF is a bivalent fluorinated organic group. The bivalent fluorinated organic group is
preferably a polyfluoroalkylene group which may have an etheric oxygen atom inserted between carbon atom-carbon
atom, and a group represented by the formula -(CH,);»RF2(CH,)¢3- (Wherein each of 2 and f3 is an integer of from 1 to
3, and RF2is a C,_4¢ polyfluoroalkylene group which may have an etheric oxygen atom inserted between carbon atom-
carbon atom) is particularly preferred. As the polyfluoroalkylene group (RF2), a perfluoroalkylene group is preferred, and
a straight-chain perfluoroalkylene group and a perfluorooxyalkylene group having an etheric oxygen atom inserted
between carbon atom-carbon atom and having a trifluoromethyl group on its side chain are particularly preferred.
[0036] As a specific example of the compound represented by the formula (CH,=CXCOO),RF, the following com-
pounds are mentioned.

CH,=CHCOO(CH,),(CF,)gF,
CH,=CHCOO(CHy),(CF,)gF,

CH,=C(CH3)COO(CHy),(CF)sF,
CH,=C(CH3)COO(CHp)(CF)eF,

CH,=CHCOOCH,(CF,),F,

CH,=C(CH3)COOCH,(CF,),F,

CH,=CHCOOCH,CF,CF,H,

CH,=CHCOOCH,(CF,CF,),H,

CH,=C(CH3)COOCH,CF,CF,H,
CH,=C(CH3)COOCH,(CF,CF,),H,
CH,=CHCOOCH,CF,0CF,CF,0CF,,
CH,=CHCOOCH,CF,0(CF,CF,0),CF,
CH,=C(CH3)COOCH,CF,0CF,CF,0CF,
CH,=C(CH3)COOCH,CF,0(CF,CF,0);CFs,
CH,=CHCOOCH,CF(CF3)O(CF,CF(CF3)0),(CF,)sF,
CH,=C(CH3)COOCH,CF(CF3)O(CF,CF(CF3)0),(CF,)4F,
CH,=CHCOOCH,CF,0(CF,CF,0)¢CF,CH,0COCH=CHy,
CH,=C(CH3)COOCH,CF,0(CF,CF,0)CF,CH,0COC(CHa)=CH,
CH,=CHCOOCH,(CF,),CH,0COCH=CH,,
CH,=C(CH3)COOCH,(CF,),CH,0COC(CH,)=CH,

[0037] The photocurable composition of the present invention contains a fluorinated surfactant and/or a fluoropolymer
in an amount of from more than 0.1 to 20 mass%, preferably from 0.5 to 10 mass%, particularly preferably from 1 to 5
mass%. In such a case, the photocurable composition is readily prepared, and the photocurable composition can readily
be formed into a cured product without undergoing a phase separation.

[0038] The photocurable composition may contain a fluorinated surfactant and a fluoropolymer, may contain a fluor-
inated surfactant only or may contain a fluoropolymer only. Further, in a case where the photocurable composition
contains a fluorinated surfactant and a fluoropolymer, the above-mentioned content means the total amount of the
fluorinated surfactant and the fluoropolymer.

[0039] Asthefluorinated surfactant, one type of a fluorinated surfactant may be used, or at least two types of fluorinated
surfactants may be used. Further, as the fluoropolymer, one type of a fluoropolymer may be used, or at least two types
of fluoropolymers may be used.

[0040] In a case where the photocurable composition contains a fluorinated surfactant, the photocurable composition
and a cured product of the photocurable composition are particularly excellent in releasability and can smoothly be
separated from a mold. The photocurable composition preferably contains the fluorinated surfactant in an amount of
from more than 0.1 to 5 mass%, particularly preferably from 0.5 to 2.5 mass%.

[0041] The fluorinated surfactantin the presentinvention is preferably a fluorinated surfactant having a fluorine content
of from 10 to 70 mass%, particularly preferably a fluorinated surfactant having a fluorine content of from 20 to 40 mass%.
The fluorinated surfactant may be water soluble or lipid soluble.

[0042] As the fluorinated surfactant, an anionic fluorinated surfactant, a cationic fluorinated surfactant, an amphoteric
fluorinated surfactant or a nonionic fluorinated surfactant is preferred. A nonionic fluorinated surfactant is particularly
preferred in view of its good dispersibility.

[0043] The anionic fluorinated surfactant is preferably a polyfluoroalkyl carboxylate, a polyfluoroalkyl phosphate or a
trifluoroalkyl sulfonate. Specific examples of such a surfactant include Surflon S-111 (tradename, Seimi Chemical Com-
pany, Ltd.), Fluorade FC-143 (tradename, 3M Co.) and Megafac F-120 (tradename, Dainippon Ink & Chemicals Inc.).
[0044] The cationic fluorinated surfactant is preferably a trimethylammonium salt of a polyfluoroalkyl carboxylate or
a trimethylammonium salt of a polyfluoroalkyl sulfonamide. Specific examples of such a surfactant include Surflon S-
121 (tradename, Seimi Chemical Company, Ltd.), Fluorade FC-134 (tradename, 3M Co.) and Megafac F-450 (trade-
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name, Dainippon Ink & Chemicals Inc.).

[0045] The amphoteric fluorinated surfactant is preferably a polyfluoroalkylbetaine. Specific examples of such a sur-
factant include Surflon S-132 (tradename, Seimi Chemical Company, Ltd.) and Fluorade FX-172 (tradename, 3M Co.).
[0046] The nonionicfluorinated surfactant may, forexample, be a polyfluoroalkylamine oxide, a polyfluoroalkyl/alkylene
oxide adduct, or an oligomer or a polymer which contains monomer units based on a monomer having a fluoroalkyl
group. As the fluoroalkyl group, the above polyfluoroalkyl group (RF') is preferred. As the nonionic fluorinated surfactant,
an oligomer or a polymer which contains monomer units based on a monomer having a fluoroalkyl group (mass average
molecular weight of from 1,000 to 8,000) is preferred. As a monomer having a fluoroalkyl group, a fluoro(meth)acrylate
is preferred, and a fluoroalkyl (meth)acrylate is particularly preferred. As the fluoroalkyl (meth)acrylate, a compound
represented by the above formula (CH,=CXCOO),RF wherein n is 1 and X is a hydrogen atom or a methyl group, is
preferred.

[0047] Specific examples of the nonionic fluorinated surfactant include Surflon S-145 (tradename, Seimi Chemical
Company, Ltd.), Surflon S-393 (tradename, Seimi Chemical Company, Ltd.), Surflon KH-20 (tradename, Seimi Chemical
Company, Ltd.), Surflon KH-40 (tradename, Seimi Chemical Company, Ltd.), Fluorade FC-170 (tradename, 3M Co.),
Fluorade FC-430 (tradename, 3M Co.), Megafac F-444 (tradename, Dainippon Ink & Chemicals Inc.) and Megafac F-
479 (tradename, Dainippon Ink & Chemicals Inc.).

[0048] In a case where the photocurable composition contains a fluoropolymer, the photocurable composition and
the cured product of the photocurable composition is excellent in releasability and can smoothly be separated from a
mold. Further, in the polymerization of the photocurable composition, since the polymerization of monomers is carried
out in the presence of a fluoropolymer, a cured product having a small volume shrinkage ratio can be obtained. Accord-
ingly, the inverted pattern shape formed on the surface of the cured product is highly precise to the pattern shape of the
mold. Note, however, that "fluoropolymer" in this specification means one except for an oligomer or polymer which
contains monomer units based on a monomer having a fluoroalkyl group, mentioned as the nonionic fluorinated surfactant.
[0049] The photocurable composition preferably contains a fluoropolymer in an amount of from more than 0.1 to 10
mass%, more preferably from 0.5 to 7.5 mass%, particularly preferably from 1 to 5 mass%.

[0050] The weight average molecular weight of the fluoropolymer is preferably from 500 to 100,000, more preferably
from 1,000 to 100,000, particularly preferably from 3,000 to 50,000 in view of its compatibility with other components.
[0051] As the fluoropolymer, a fluoropolymer having a fluorine content of from 30 to 70 mass% is preferred, and a
fluoropolymer having a fluorine content of from 45 to 70 mass % is particularly preferred in view of its excellent releasability.
[0052] Further, as the fluoropolymer, a fluoropolymer containing a heteroatom is preferred in view of compatibility, a
fluoropolymer containing a nitrogen atom, an oxygen atom, a sulfur atom or a phosphorus atom is more preferred, and
a fluoropolymer containing a hydroxyl group, an etheric oxygen atom, an ester group, an alkoxycarbonyl group, a sulfonyl
group, a phosphate group, an amino group, a nitro group or a ketone group is particularly preferred.

[0053] As the fluoropolymer in the present invention, a fluoropolymer obtained by polymerizing a compound repre-
sented by the formula CF,=CR'-Q-CR2=CH, and a fluoropolymer obtained by copolymerizing CF,=CF, and
CH,=CHOCOCH; may be mentioned. Specific examples of a compound represented by the formula CF,=CR'-Q-
CR2=CH, include the above compounds.

[0054] As the fluoropolymer, a fluoropolymer obtained by polymerizing a compound represented by the formula
CF,=CR'-Q-CR2=CH, is preferred, and it is particularly preferred that R is a fluorine atom, R2 is a hydrogen atom and
Q is a group selected from -CF,C(CF3) (OH)CH,-, -CF,C(CF3)(OH)-, -CF,C(CF3)(OCH,OCH3)CH,-, -CH,CH(CH,C
(CF3),0H)CH,- and -CH,CH(CH,C(CF3),0H)-.

[0055] Further, in the photocurable composition of the present invention, the amount of the fluoromonomer to the total
amount of the fluorinated surfactant and the fluoropolymer is preferably from 1 to 100 times by mass, more preferably
from 1 to 20 times by mass, particularly preferably from 1 to 10 times by mass.

[0056] The photocurable composition of the present invention contains a photopolymerization initiator in an amount
of from 1 to 10 mass%, preferably from 2 to 9 mass%, particularly preferably from 3 to 8 mass%. By setting it to such
an amount, monomers in the photocurable composition can be readily polymerized to obtain a cured product, whereby
an operation such as heating is unnecessary. Further, the residue in the photopolymerization initiator will not be likely
to impair physical properties of the cured product. The photopolymerization initiator is a compound that causes a radical
reaction or an ion reaction by light. As such a photopolymerization initiator, the following photopolymerization initiators
may be mentioned.

[0057] As anacetophenone photopolymerization initiator, acetophenone, p-(tert-butyl)-1’,1’,1’-trichloroacetophenone,
chloroacetophenone, 2’,2’-diethoxyacetophenone, hydroxyacetophenone, 2,2-dimethoxy-2’-phenylacetophenone, 2-
aminoacetophenone or dialkylaminoacetophenone may, for example, be mentioned.

[0058] As abenzoin photopolymerization initiator, benzyl, benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin
isopropyl ether, benzoin isobutyl ether, 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-phenyl-2-methylpro-
pan-1-one, 1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one or benzyl dimethyl ketal may, for example, be men-
tioned.
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[0059] As abenzophenone photopolymerization initiator, benzophenone, benzoyl benzoate, methylbenzoyl benzoate,
methyl-o-benzoyl benzoate, 4-phenyl benzophenone, hydroxybenzophenone, hydroxypropyl benzophenone, acryl ben-
zophenone or 4,4’-bis(dimethylamino)benzophenone may, for example, be mentioned.

[0060] As a thioxanthone photopolymerization initiator, thioxanthone, 2-chlorothioxanthone, 2-methylthioxanthone,
diethylthioxanthone or dimethylthioxanthone may, for example, be mentioned.

[0061] As a photopolymerization initiator containing a fluorine atom, perfluoro(tert-butyl peroxide) or perfluorobenzoyl
peroxide may, for example, be mentioned.

[0062] As another photopolymerization initiator, a-acyloxime ester, benzyl-(o-ethoxycarbonyl)-a-monooxime, acyl-
phosphine oxide, glyoxyester, 3-ketocoumarin, 2-ethyl anthraquionone, camphorquinone, tetramethylthiuram sulfide,
azobisisobutylonitrile, benzoyl peroxide, dialkyl peroxide or tert-butyl peroxypivalate may, for example, be mentioned.

[0063] The photocurable composition of the presentinvention contains substantially no solvent. Since the photocurable
composition of the present invention contains a specific monomer containing no fluorine atom, a fluorinated surfactant
and a fluoromonomer having a high compatibility with a fluoropolymer, a composition can be formed uniformly without
containing a solvent. Also, since no solvent is contained in the photocurable composition, it is possible to carry out photo-
curing without carrying out other steps (e.g. a distillation step of the solvent) at the time of its use, and such an effect is
obtained that the volume shrinkage of the photocurable composition at the time of curing is small. "Containing substantially
no solvent" means that no solvent is contained at all, or a solvent used in the preparation of the photocurable composition
is removed as much as possible.

[0064] The photocurable composition of the present invention may contain a component (hereinafter referred to as
another component) other than the base monomer, the fluoromonomer, the fluorinated surfactant, the fluoropolymer
and the photopolymerization initiator. As such another component, a photosensitizer, an inorganic material, a carbon
material, an electroconductive polymer, a dye material such as phthalocyanine, an organic metal complex such as
porphyrin, an organic magnetic material, an organic semiconductor or a liquid crystal material may, for example, be
mentioned.

[0065] As aspecific example of the photosensitizer, n-butylamine, di-n-butylamine, tri-n-butyl phosphine, allylthiourea,
s-benzylisothiuronium-p-toluene sulfinate, triethylamine, diethylaminoethyl methacrylate, triethylenetetramine or 4,4'-
bis(dialkylamino)benzophenone may, for example, be mentioned.

[0066] As a specific example of the inorganic material, a silicon compound (silicon simple substance, silicon carbide,
silicon dioxide, silicon nitride, silicon germanium, iron silicide or the like), a metal (platinum, gold, rhodium, nickel, silver,
titanium, lanthanoid, copper, iron, zinc or the like), a metal oxide (titanium oxide, alumina, zinc oxide, ITO, iron oxide,
copper oxide, bismuth oxide, manganese oxide, hafnium oxide, yttrium oxide, tin oxide, cobalt oxide, cerium oxide, silver
oxide or the like), an inorganic compound salt (a ferroelectric material such as barium titanate, a piezoelectric material
such as lead zirconate titanate, a battery material such as a lithium salt or the like) or a metal alloy (a magnetic material
such as a ferrite magnet or a neodymium magnet, a semiconductor such as a bismuth/tellurium alloy or a gallium/arsenic
alloy, a fluorescent material such as gallium nitride or the like) may, for example, be mentioned.

[0067] Specific examples of the carbon material include fullerene, carbon nanotube, carbon nanohorn, graphite, dia-
mond and an active carbon.

[0068] The photocurable composition of the present invention is a composition which undergoes a curing reaction by
light irradiation. A cured product obtained by curing the photocurable composition is preferably a micropattern-formed
product. The photocurable composition of the present invention is preferably used as a photocurable composition which
provides a micropattern-formed product obtained in such a manner that a mold having a micropattern on its surface is
pressed against the photocurable composition to transfer the micropattern, followed by light irradiation to cure the
photocurable composition to obtain a micropattern-formed product having an inverted pattern of the micropattern on its
surface. The photocurable composition of the presentinvention may be cured while itis sandwiched and pressed between
the micropattern surface of the mold and the surface of the substrate, or may be sandwiched and pressed the photocurable
composition between the micropattern surface of the mold and the surface of the substrate, and then cured after the
mold is separated.

[0069] The micropattern-formed product is made of a cured product of the photocurable composition (hereinafter
sometimes referred simply as cured product), and itis present on the surface of the cured product thus formed or present
on the surface of the substrate to which the cured product thus formed (projections, as mentioned below) is bonded.
The former cured product thus formed may be laminated with the substrate (provided that the micropattern is present
on the surface of the cured product other than the laminated side). "The micropattern-formed product integrated with
the substrate" in the present invention means both a substrate to which the cured product thus formed is bonded, and
a laminate of the cured product thus formed and a substrate.

[0070] The micropattern comprises a concavo-convex structure, and the concavo-convex structure is formed either
by the cured product or by the cured product and the surface of the substrate. A concavo-convex structure formed by
the cured product is a structure formed on the surface of the cured product, and a concavo-convex structure formed by
the cured product and the surface of the substrate is a structure formed by many projections (made of the cured product)
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independently present on the surface of the substrate and the surface of the substrate free from such projections. In
either case, the convex portions are made of the cured product of the photocurable composition. Further, the micropattern
may have a structure wherein the above two structures co-exist at different positions on the surface of the substrate.
[0071] The convex portions in the micropattern structure or the projections (hereinafter both are referred to as convex
portions) are present in the form of lines or dots on the surface of a cured product layer or the surface of the substrate,
and the shapes of such lines or dots are not particularly limited. The line-form convex portions are not limited to linear
lines, and may be curved lines or bent lines. Further, a number of such lines may be present in parallel with one another
to form stripes. The cross-sectional shape of the line-form convex portions (shape of the cross section in a direction at
right angles to the longitudinal direction of the lines) is not particularly limited, and it may, for example, be rectangular,
trapezoidal, triangular or semi-circular. The shape of the dot-form convex portions is also not particularly limited. For
example, it may be a columnar or conical shape with a bottom shape being rectangular, square, rhombic, hexagonal,
triangular, circular or the like, a hemispherical shape or a polyhedral shape.

[0072] The average of widths (the widths of the bottom portions) of the line-form convex portions is preferably from 1
nm to 100 wm, particularly preferably from 10 nm to 10 um. The average of lengths of the bottom faces of the dot-form
convex portions is preferably from 1 nm to 100 wm, particularly preferably from 10 nm to 10 wm. However, in a case
where the dots are elongated in a shape close to lines, the lengths of the bottom faces of the dot-form convex portions
are meant for the lengths in a direction at right angles to the elongated direction, and in other cases, they are meant for
the maximum lengths of the bottom face shapes. The average of heights of the line-form or dot-form convex portions
is preferably from 1 nm to 100 wm, more preferably from 10 nm to 10 wm, further preferably from 10 nm to 2 pm,
particularly preferably from 10 nm to 500 nm. Further, at a portion where the concavo-convex structure is densely
present, the average of distance between adjacent convex portions (distance between the bottom portions) is preferably
from 1 nm to 500 wm, more preferably from 10 nm to 50 wm, particularly preferably from 10 nm to 5 um. Thus, the
minimum dimension of such a convex structure is preferably at most 500 wm, more preferably at most 50 um, further
preferably at most 500 nm, particularly preferably at most 50 nm. Further, the lower limit thereof is preferably 1 nm. The
minimum dimension is meant for the minimum one among the width, and height of the convex portions and distance
between the convex portions. "Average interval of the convex portions" in the present invention means the average of
the distance between adjacent convex portions at a portion where the convex portions are densely present.

[0073] The cured product obtained by curing the photocurable composition of the present invention preferably has a
contact angle to water of preferably from 75 to 98°, more preferably from 80 to 98°".

[0074] The volume shrinkage ratio at the time of polymerizing the photocurable composition of the present invention
is preferably at most 20%.

[0075] The micropattern-formed product can be obtained by molding the photocurable composition by using a mold
having a micropattern and photo-curing it. This "molding" means that the photocurable composition is brought into
contact with the mold to transfer the micropattern present on the surface of the mold to the surface of the photocurable
composition. Photo-curing of the photocurable composition may be carried out, after transferring the micropattern onto
the surface of the photocurable composition, in a state where it is in contact with the mold or in non-contact with the
mold. In the latter case, after transferring the micropattern onto the surface of the photocurable composition, the photo-
curable composition is separated from the mold, and photo-curing is carried out in a state where the micropattern on
the surface of the photocurable composition is maintained. A process of carrying out photo-curing in a state where the
photocurable composition is in contact with the mold will be hereinafter referred to as process 1 for production of a
micropattern-formed product, and a process of carrying out photo-curing after separating the mold will be hereinafter
referred to as process 2 for production of a micropattern-formed product.

(Process 1 for production of a micropattern-formed product)

[0076] Process 1 for production of a micropattern-formed product is a process for producing a micropattern-formed
product, which comprises bringing the photocurable composition into contact with the micropatterned surface of a mold
having a micropattern formed on the surface, photo-curing the photocurable composition in a state where it is in contact
with the surface of the mold, and separating a cured product of the photocurable composition from the mold. More
specifically, the following production process is preferred.

[0077] Namely, a process for producing a micropattern-formed product, which comprises carrying out the following
steps A, B, C and as the case requires, step D, in this order using the photocurable composition of the present invention,
a substrate and a mold having a micropattern on its surface to obtain a micropattern-formed product having a micropattern
on its surface or such a micropattern-formed product integrated with the substrate:

step A: a step of sandwiching and pressing the photocurable composition between the surface of the substrate and
the patterned surface of the mold;
step B: a step of curing the photocurable composition by light irradiation to obtain the micropattern-formed product



10

15

20

25

30

35

40

45

50

55

EP 1873174 A1

comprising a cured product having the micropattern of the mold transferred on its surface;

step C: a step of separating at least one of the mold and the substrate from the cured product to obtain a micropattern-
formed product, a micropattern-formed product integrated with the substrate or a micropattern-formed product
integrated with the mold; and

step D: a step of separating the micropattern-formed product from the mold in a case where the micropattern-formed
product integrated with the mold is obtained in the step C.

[0078] The substrate in the production process 1 may be a flat substrate or a curved substrate. As such a substrate,
a substrate made of an inorganic material such as silicon wafer, glass, quartz glass or a metal; or a substrate made of
an organic material such as a fluororesin, a silicone resin, an acrylic resin or a polycarbonate resin, may be mentioned.
Further, a substrate of which adhesion to the photocurable composition is improved by a surface treatment (silane
coupling treatment, silazane treatment or the like), may be used.

[0079] The mold has a micropattern on its surface. The micropattern of the mold is an inverted pattern of a concavo-
convex structure in the micropattern of the micropattern-formed product (namely, concaves are convexes and convexes
are concaves). The micropattern of the mold has a concavo-convex structure corresponding to the micropattern of the
micropattern-formed product. Namely, the shape of convex portions of the micropattern of the micropattern-formed
product corresponds to the shape of concavo portions of the mold. The shape and the dimension of the concavo portions
of the micropattern of the mold correspond to the shape and the dimension of the micropattern of the micropattern-
formed product. Note, however, that the depth of concavo portions of the micropattern of the mold (corresponding to
the height of convex portions of the micropattern of the micropattern-formed product) may be different from the height
of the convex portions of the micropattern of the mold in some cases. Including such a case, the minimum dimension
in a concavo structure in the micropattern of the mold is preferably at most 500 wm, more preferably at most 50 um,
further preferably at most 500 nm, particularly preferably at most 50 nm. Further, the lower limit is preferably 1 nm. The
photocurable composition of the present invention can form a cured product with the micropattern transferred precisely,
even when the micropattern of the mold is so fine.

[0080] As the mold in the production process 1, a mold made of a non-transmissive material such as silicon wafer,
SiC or mica; or a mold made of a transmissive material such as glass, polydimethyl siloxane or a transparent fluororesin,
may be mentioned. In the production process 1, a substrate made of a transmissive material or a mold made of a
transmissive material is used.

[0081] As a specific embodiment of step A, the following steps A1, A2 and A3 may be mentioned.

[0082] Step A1: a step of disposing the photocurable composition on the surface of the substrate, and sandwiching
and pressing the photocurable composition between the substrate and the mold so that the photocurable composition
is in contact with the patterned surface of the mold.

[0083] StepA2:astep ofdisposing the photocurable composition on the patterned surface of the mold, and sandwiching
and pressing the photocurable composition between the substrate and the mold so that the photocurable composition
is in contact with the surface of the substrate.

[0084] Step A3: a step of combining the substrate and the mold to form a gap between the surface of the substrate
and the patterned surface of the mold, filling the gap with the photocurable composition, and sandwiching and pressing
the photocurable composition between the patterned surface of the mold and the substrate.

[0085] The disposition of the photocurable composition in step A1 is preferably carried out by coating the surface of
the substrate with the photocurable composition by means of a method such as a potting method, a spin coating method,
a roll coating method, a casting method, a dip coating method, a die coating method, a Langmuir Blodgett method or a
vacuum vapor deposition method. The photocurable composition may be coated on the entire surface of the substrate,
or may be coated on a part of the substrate. The pressing pressure (gauge pressure) at the time of pressing the substrate
and the mold is preferably from more than 0 to 10 MPa, more preferably from 0.1 to 5 MPa.

[0086] The disposition of the photocurable composition in step A2 is preferably carried out by coating the patterned
surface of the mold with the photocurable composition by means of a method such as a potting method, a spin coating
method, a roll coating method, a casting method, a dip coating method, a die coating method, a Langmuir Blodgett
method or a vacuum vapor deposition method. The photocurable composition may be coated on the entire surface of
the patterned surface, or may be coated on a part of the patterned surface. The pressing pressure (gauge pressure) at
the time of pressing the substrate and the mold is preferably from more than 0 to 10 MPa, more preferably from 0.1 to
5 MPa.

[0087] Instep A3, asamethod offilling the gap with the photocurable composition, a method of sucking the photocurable
composition in the gap by a capillary action may be mentioned.

[0088] Inthe polymerization of the monomer by lightirradiation in step B, in a case where a mold made of a transmissive
material is employed, a method of irradiation with a light from the mold side is preferred, and in a case where a substrate
made of a transmissive material is employed, a method of irradiation with a light from the substrate side is preferred.
The wavelength of the light is preferably from 200 to 400 nm.
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[0089] Since the photocurable composition of the present invention has a low viscosity and a high curing property, it
is preferred to carry out step A or step B at a low temperature (preferably from 0 to 60°C). Further, since a cured product
of the photocurable composition has a high releasability and can be separated smoothly from a mold, it is preferred to
carry out step C or step D at a low temperature (preferably from 0 to 60°C). Accordingly, it is possible that the entire
process of the production process 1 of the present invention is carried out at a low temperature (preferably from 0 to
60°C), such being advantageous.

(Process 2 for production of a micropattern-formed product)

[0090] Process 2 for production of a micropattern-formed product is a process comprising bringing the photocurable
composition into contact with the micropatterned surface of a mold having a micropattern formed on the surface, sep-
arating the mold to produce a molded product of the photocurable composition having the micropattern of the mold
transferred on its surface, and photo-curing the molded product of the photocurable composition. More specifically, the
following production process is preferred.

[0091] Namely, itis a process for producing a micropattern-formed product, which comprises carrying out the following
steps E, F, G and as the case requires, step H, in this order using the photocurable composition of the present invention,
a substrate and a mold having a micropattern on its surface to obtain a micropattern-formed product having a micropattern
on its surface or such a micropattern-formed product integrated with the substrate:

step E: a step of pressing the photocurable composition between the surface of the substrate and the patterned
surface of the mold;

step F: a step of separating the mold from the photocurable composition to obtain a molded product of the photo-
curable composition having the micropattern of the mold transferred on its surface, integrated with the substrate;
step G: a step of curing the molded product of the photocurable composition by light irradiation to obtain a micro-
pattern-formed product comprising a cured product having the micropattern of the mold transferred on its surface,
integrated with the substrate; and

step H: a step of separating the micropattern-formed product from the substrate.

[0092] As the mold and the substrate in the production process 2, the same mold and substrate in the production
process 1 may be used. Further, the shape of the mold to be used in the production process 2 may be a roller type.
[0093] Since the photocurable composition of the present invention has a low viscosity and a high curing property, it
is preferred to carry out step E or step F at a low temperature (preferably from 0 to 60°C). Further, since a cured product
of the photocurable composition has a high releasability and can be separated smoothly from a mold, it is preferred to
carry out step G or step H at a low temperature (preferably from 0 to 60°C). Accordingly, it is possible that the entire
process of the production process 2 of the present invention can be carried out at a low temperature (preferably from 0
to 60°C), such being advantageous.

[0094] The micropattern-formed product obtained by the production process of the present invention is preferably a
micropattern-formed product in which micro-projections made of a cured product of the photocurable composition of the
present invention forming a micropattern are disposed on the surface of the substrate. The micropattern-formed product
is excellent in physical properties such as heat resistance, chemical resistance, releasability or optical characteristics
(transparency or low refractive index).

[0095] The micropattern-formed product obtained by the production process of the presentinvention has a micropattern
of a mold highly precisely transferred on its surface. The micropattern-formed product is useful as an optical element
such as a microlens array, an optical waveguide element, an optical switching element, a fresnel zone plate element,
abinary optical element, ablaze optical element or a photonics crystal; an anti-reflection component, a biochip component,
a microreactor chip component, a carrier component for catalyst, a recording medium, a display material, a filter, a
sensor component, etc.

EXAMPLES

[0096] Now, the present invention will be explained in further detail with reference to Examples and Comparative
Examples, but the present invention is by no means restricted thereto.

[0097] As a high-pressure mercury lamp, a high-pressure mercury lamp having dominant wavelengths of 255, 315
and 365 nm in 1.5 to 2.0 kHz was used.

[0098] As abase monomer, the following compound n1 (viscosity: 18 mPa-s) or the following compound n2 (viscosity:
17 mPa-s) was used, and the following compound f1 (viscosity: 4.2 mPa-s) was used as a fluoromonomer.
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CH,
CH,=CHCOO (1)
CH2=CHCOO (CH2CH20)4COCH=CH2 (n2)
CH2=CHCOOCH2CH2 (CF2)6F (1)

[0099] As a polymerization initiator, a photopolymerization initiator (trade name: IRGACURE 651, manufactured by
Ciba Specialty Chemicals) was used.

[0100] As a fluorinated surfactant, a co-oligomer (fluorine content of about 30 mass% and weight average molecular
weight of 3,000) of a fluoroacrylate (CH,=CHCOO(CH,),(CF5)gF) as a nonionic surfactant was used.

[0101] As a fluoropolymer, a fluoropolymer (fluorine content of 56.3 mass% and weight average molecular weight of
4,800) containing monomer units represented by the following formula (1) obtained by homopolymerizing CF,=CFCF,C
(CF3) (OH)CH,CH=CH, was used.

CF, _CH,
7/ ScF—CH ~
/ \ 1
CF, JCH, (1)
>c
CF; “OH

[0102] The volume shrinkage ratio is a value determined as a percentage of ((L'-L2)/L") in a case where the photo-
curable composition is encapsulated to a height L' in a test tube (made of glass) at 25°C, and is irradiated with a high-
pressure mercury lamp (light source having dominant wavelengths of 255, 315 and 365 nm in 1.5 to 2.0 kHz) for 15
seconds to form a cured product having a height L2. The contact angle indicates a contact angle to water.

[0103] The releasability of the cured product of the photocurable composition was evaluated as follows. The photo-
curable composition was dropped on the center portion of a slide glass, and another slide glass was overlapped thereon.
Then, the photocurable composition was cured by irradiation with a high-pressure mercury lamp for 15 seconds, and
then the slide glass was separated to confirm releasability. When the slide glass was separated by hand, it was evaluated
as ©; when the slide glass was separated by a flat-head screwdriver, it was evaluated as O; and when the slide glass
was not separated even when a flat-head screwdriver was used, it was evaluated as X.

EXAMPLE 1: Example for production of roller type mold

[0104] On asilicon wafer, a sheet of 2 cmin length and width (film thickness: 100 wm) made of a transparent fluororesin
(tradename: Cytop manufactured by Asahi Glass Company, Limited) was laminated. Then, the silicon wafer was heated
to 160°C, and the surface of the laminated sheet on the silicon wafer were contacted with the concavo-structured side
of a silicon mold which has a plurality of concavo structures (width: 60 nm, depth: 100 nm, length: 5 nm, and average
interval of concavo portions: 75 nm) formed on its surface, and pressed under 10 MPa (gauge pressure).

[0105] After cooling the silicon wafer to 25°C, the mold and the silicon wafer were separated to obtain a silicon wafer
having a sheet made of a transparent fluororesin laminated, on the surface of which a plurality of convex structures
(width: 60 nm, depth: 100 nm, length: 5 nm, and average interval of concavo portions: 75 nm) which are the inverted
patterns of the concavo portions, are formed. Then, the sheet was wound on a cylindrical glass rod having a diameter
of 1.6 cm, and the edge of the wound portion was taped by an adhesive tape to obtain a roller type mold having a plurality
of convex portions (width: 60 nm, height: 100 nm, length: 5 mm, and average interval of convex portions: 75 nm) on its
surface.

12



10

15

20

25

30

35

40

45

50

55

EP 1873174 A1
EXAMPLE 2: Example for preparation of photocurable composition
EXAMPLE 2-1: Example for preparation of composition 1

[0106] Into a vial container (volume: 6 ml), 1.16 g of compound n1, 0.83 g of compound n2, 1.08 g of compound f1
and 0.08 g of the fluoropolymer were charged, and 0.11 g of the photopolymerization initiator was charged therein and
mixed to obtain a photocurable composition having a viscosity of 22 mPa-s (composition 1). A volume shrinkage ratio
of the composition 1 was 4%, and a contact angle of a cured product of the composition 1 was 75°.

EXAMPLE 2-2: Example for preparation of composition 2

[0107] Into a vial container (volume: 6 ml), 1.16 g of compound n1, 0.83 g of compound n2, 1.08 g of compound f1,
0.08 g of the fluoropolymer and 0.03 g of the fluorinated surfactant were charged, and 0.11 g of the photopolymerization
initiator was charged therein and mixed to obtain a photocurable composition having a viscosity of 24 mPa-s (composition
2). A volume shrinkage ratio of the composition 2 was 5%, and a contact angle of a cured product of the composition 2
was 82°.

EXAMPLE 2-3: Example for preparation of composition 3

[0108] Into a vial container (volume: 6 ml), 0.30 g of compound n1, 0.40 g of compound n2, 0.25 g of compound f1
and 0.01 g of the fluorinated surfactant were charged, and 0.04 g of the photopolymerization initiator was charged therein
and mixed to prepare a photocurable composition having a viscosity of 12 mPa-s (composition 3). A volume shrinkage
ratio of the composition 3 was 9%, and a contact angle of a cured product of the composition 3 was 95°.

EXAMPLE 2-4: Example for preparation of composition 4

[0109] Into a vial container (volume: 6 ml), 0.35 g of compound n1, 0.38 g of compound n2, 0.22 g of compound 1
and 0.01 g of the fluorinated surfactant were charged, and 0.04 g of the photopolymerization initiator was charged therein
and mixed to prepare a photocurable composition having a viscosity of 12 mPa-s (composition 4). The volume shrinkage
ratio of the composition 4 was 10%, and a contact angle of a cured product of the composition 4 was 94°.

EXAMPLE 2-5: Example for preparation of composition 5

[0110] Into a vial container (volume: 6 ml), 0.35 g of compound n1, 0.26 g of compound n2, 0.30 g of compound 1,
0.04 g of the fluoropolymer and 0.01 g of the fluorinated surfactant were charged, and 0.04 g of the photopolymerization
initiator was charged therein and mixed to prepare a photocurable composition having a viscosity of 19 mPa-s (compo-
sition 5). A volume shrinkage ratio of the composition 5 was 5%, and a contact angle of a cured product of the composition
5 was 96°.

EXAMPLE 2-6: Example for preparation of composition 6

[0111] Into a vial container (volume: 6 ml), 0.30 g of compound n1, 0.40 g of compound n2 and 0.25 g of compound
f1 were charged, and 0.04 g of the photopolymerization initiator was charged therein and mixed to obtain a photocurable
composition having a viscosity of 10 mPa-s (composition 6). A volume shrinkage ratio of the composition 6 was 11%,
and a contact angle of a cured product of the composition 6 was 73°.

EXAMPLE 2-7: Example for preparation of composition 7

[0112] Into a vial container (volume: 6 ml), 0.36 g of compound n1, 0.59 g of compound n2 and 0.01 g of the fluorinated
surfactant were charged, and 0.04 g of the photopolymerization initiator was charged therein and mixed. However, due
to intense foaming and minute gel formation, the filtration property was significantly deteriorated, whereby no uniform
composition was obtained.

EXAMPLE 2-8: Example for preparation of composition 8

[0113] Into a vial container (volume: 6 ml), 0.17 g of compound n1, 0.28 g of compound n2, 0.50 g of compound f1

and 0.01 g of the fluorinated surfactant were charged, and 0.04 g of the photopolymerization initiator was charged therein
and mixed. However, the photopolymerization initiator was not completely dissolved, whereby no uniform composition
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was obtained.
EXAMPLE 2-9: Example for preparation of composition 9

[0114] Into a vial container (volume: 6 ml), 0.30 g of compound n1, 0.40 g of the following compound n3 (viscosity:
130 mPa-s), 0.25 g of compound f1 and 0.01 g of the fluorinated surfactant were charged, and 0.04 g of the photopol-
ymerization initiator was charged therein and mixed. However, the whole mixture became clouded, and no uniform
composition was obtained.

[0115] Compound n3: diurethane dimethacrylate (manufactured by Aldrich) represented by R'CH,[C(CH3) (R®)
CH,],CH,R! (wherein R indicates -NHCO,CH,CH,0,CC(CH3)=CH,, and R® indicates a hydrogen atom or a methyl
group).

[0116] With regard to the compositions 1 to 9, the respective contents (mass%) of the monomer (compound n1,
compound n2 and compound f1), the fluorinated surfactant, the fluoropolymer and the photopolymerization initiator are
shown in Table 1. Further, evaluation results of the volume shrinkage ratio, the contact angle and the releasability of
the compositions 1 to 9 are also shown in Table 1.
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EXAMPLE 3: Example for production of micropattern-formed product
EXAMPLE 3-1: Example (1) for production of micropattern-formed product

[0117] At25°C, a single droplet of the composition 1 was dropped on a silicon wafer to obtain a silicon wafer uniformly
coated with the composition 1. Then, a mold made of quartz which has a plurality of concavo structures (width: 800 nm,
depth: 180 nm, length 10 um, and the average interval of concavo portions: 800 nm) on its surface, was pressed against
the composition 1 side on the silicon wafer, followed by pressing under 0.5 MPa (gauge pressure).

[0118] Then, at 25°C, irradiation of a high-pressure mercury lamp was carried out for 15 seconds from the mold side
to obtain a cured product of the composition 1. At 25°C, the mold was separated from the silicon wafer to obtain a
micropattern-formed product having the cured product of the composition 1 having convex portions, which are the
inverted patterns of the concavo portions of the mold, formed on the surface of the silicon wafer.

EXAMPLE 3-2: Example (2) for production of micropattern-formed product

[0119] In the same manner as in Example 3-1 except for using the composition 2 instead of using the composition 1,
a micropattern-formed product comprising a cured product of the composition 2 having convex portions on the surface,
which are the inverted patterns of the concavo portions of the mold, formed on a silicon wafer, was obtained.

EXAMPLE 3-3: Example (3) for production of micropattern-formed product

[0120] To the roller type mold obtained in Example 1, a cotton cloth impregnated with the composition 3 was pressed
so as to coat the roller type mold with the composition 3. Then, the mold was rotated while it was pressed against the
silicon wafer to transfer the composition 3 applied on the mold onto the silicon wafer. Hereupon, from above the silicon
wafer, irradiation of a high-pressure mercury lamp was carried out for 15 seconds to cure the composition 3. As a result
of analyzing the cured product of the composition 3 formed on the silicon wafer, a micropattern corresponding to concavo
portions of the mold used in Example 1 was formed on the surface of the cured product.

INDUSTRIAL APPLICABILITY

[0121] According to the present invention, a micropattern-formed product having a cured product layer having a
micropattern, which is useful as an optical element such as a microlens array, an optical waveguide element, an optical
switching element, a fresnel zone plate, a binary optical element, a blaze optical element or a photonics crystal, an anti-
reflection component, a biochip component, a microreactor chip component or a carrier for catalysts, can be produced
efficiently.

[0122] The entire disclosures of Japanese Patent Application No. 2005-123583 filed on April 21, 2005 and Japanese
Patent Application No. 2005-186742 filed on June 27, 2005 including specifications, claims, and summaries are incor-
porated herein by reference in their entireties.

Claims

1. A photocurable composition which comprises from 50 to 98 mass% of a monomer containing no fluorine atom and
having a viscosity at 25°C of from 0.1 to 100 mPa-s, from 0.1 to 45 mass% of a fluoromonomer, from more than 0.1
to 20 mass% of a fluorinated surfactant and/or a fluoropolymer and from 1 to 10 mass% of a photopolymerization

initiator, and contains substantially no solvent.

2. The photocurable composition according to Claim 1, wherein the amount of the fluoromonomer to the total amount
of the fluorinated surfactant and the fluoropolymer is from 1 to 100 times by mass.

3. The photocurable composition according to Claim 1 or 2, which has a viscosity at 25°C of from 0.1 to 200 mPa-s.

4. A process for producing a micropattern-formed product, which comprises bringing the photocurable composition
as defined in any one of Claims 1 to 3 into contact with the micropatterned surface of a mold having a micropattern
formed on the surface, photo-curing the photocurable composition in a state where it is in contact with the surface

of the mold, and separating a cured product of the photocurable composition from the mold.

5. A process for producing a micropattern-formed product, which comprises carrying out the following steps A, B, C
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and as the case requires, step D, in this order using the photocurable composition as defined in any one of Claims
1 to 3, a substrate and a mold having a micropattern on its surface to obtain a micropattern-formed product having
a micropattern on its surface or such a micropattern-formed product integrated with the substrate:

step A: a step of sandwiching and pressing the photocurable composition between the surface of the substrate
and the patterned surface of the mold;

step B: a step of curing the photocurable composition by light irradiation to obtain a micropattern-formed product
comprising a cured product having the micropattern of the mold transferred on its surface;

step C: a step of separating at least one of the mold and the substrate from the cured product to obtain a
micropattern-formed product, a micropattern-formed product integrated with the substrate or a micropattern-
formed product integrated with the mold; and

step D: a step of separating the micropattern-formed product from the mold in a case where the micropattern-
formed product integrated with the mold is obtained in the step C.

The process for producing a micropattern-formed product according to Claim 4 or 5, wherein the micropattern of
the mold is a micropattern having convex portions and concavo portions, and the average interval of the convex
portions is from 1 nm to 500 pm.

A process for producing a micropattern-formed product, which comprises bringing the photocurable composition
as defined in Claim 1 or 2 into contact with the micropatterned surface of a mold having a micropattern formed on
the surface, separating the mold to produce a molded product of the photocurable composition having the micro-
pattern of the mold transferred on its surface, and photo-curing the molded product of the photocurable composition.

A process for producing a micropattern-formed product, which comprises carrying out the following steps E, F, G
and as the case requires, step H, in this order using the photocurable composition as defined in Claim 1 or 2, a
substrate and a mold having a micropattern on its surface to obtain a micropattern-formed product having a micro-
pattern on its surface or such a micropattern-formed product integrated with the substrate:

step E: a step of pressing the photocurable composition between the surface of the substrate and the patterned
surface of the mold;

step F: a step of separating the mold from the photocurable composition to obtain a molded product of the
photocurable composition having the micropattern of the mold transferred on its surface, integrated with the
substrate;

step G: a step of curing the molded product of the photocurable composition by light irradiation to obtain a
micropattern-formed product comprising a cured product having the micropattern of the mold transferred on its
surface, integrated with the substrate; and

step H: a step of separating the micropattern-formed product from the substrate.

The process for producing a micropattern-formed product according to Claim 8, wherein the micropattern of the
mold is a micropattern having convex portions and concavo portions, and the average interval of the convex portions
is from 1 nm to 500 pum.

A micropattern-formed product, which is a micropattern-formed product comprising a cured product obtained by

curing the photocurable composition as defined in any one of Claims 1 to 3 and having a micropattern of convex
portions and concavo portions, wherein the average interval of the convex portions is from 1 nm to 500 pm.

17



EP 1873174 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2006/305739

A. CLASSIFICATION OF SUBJECT MATTER
CO08F220/10(2006.01), CO8F220/22(2006.01),
(2006.01)

B29C59/02(2006.01), HO01L21/027

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B29C59/02, CO08F220/10, C08F220/22, H01L21/027, CO08F259/08, CO08L33/16

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho 1822-1996 Jit
Kokai Jitsuyo Shinan Koho 1971-2006

Toroku Jitsuyo Shinan Koho

1996-2006
1994-2006

suyo Shinan Toroku Koho

WPI/L

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

02 March,
Full text
(Family: none)

1999 (02.03.99),

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2002-105141 A (JSR Corp.), 1-10
10 April, 2002 (10.04.02),
Full text
(Family: none)
A JP 11-181032 A (Nippon Mektron, Ltd.), 1-10
06 July, 199% (06.07.99),
Full text
& US 6124404 A & DE 19858081 Al
A JP 11-060646 A (Central Glass Co., Ltd.), 1-10

Further documents are listed in the continuation of Box C.

D See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“‘&”  document member of the same patent family

Date of the actual completion of the international search
16 May, 2006 (16.05.06)

Date of mailing of the international search report
23 May, 2006 (23.05.06)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2005)

18




EP 1873174 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2006/305739
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 10-120738 A (Toa Gosei Co., Ltd.), 1-10
12 May, 1998 (12.05.98),
Full text

(Family: none)

A JP 61-031411 A (Three Bond Co., Ltd.), 1-10
13 February, 1986 (13.02.86),
Full text

(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

19



EP 1873174 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
« JP 2004504718 A [0003] « JP 2005123583 A [0122]

 JP 2002539604 A [0003]  JP 2005186742 A [0122]
e JP 2004002702 A [0003]

20



	bibliography
	description
	claims
	search report

